The reversal effect of neostigmine following different doses of tubocurarine was investigated in 20 anesthetized adults.
It has been shown by Baraka (1967) that reversal of tubocurarine neuromuscular block depends on both the plasma levels of tubocurarine and the degree of block at the time of reversal. Irreversible curarization will occur when levels of tubocurarine are higher than the blocking concentration.
The present report is a trial to confirm such findings by comparing the reversal affect of neostigmine following different blocking doses of tubocurarine. METHOD The subjects were twenty healthy adult males undergoing inguinal herniorrhaphy. Their weight ranged from 60-65 kg. The patients were premedicated with meperidine 100 mg and atropine 0·6 mg injected intramuscularly 30 minutes before operation. Anesthesia was induced with 250-350 mg of thiopentone sodium and succinylcholine 100 mg. After tracheal intubation, anesthesia was maintained using a Boyle III circuit, with 0·5 percent halothane in nitrous oxide-oxygen (2: 1). Ventilation was controlled throughout the procedure using a tidal volume of 12 ml/kg. In all patients, the ulnar nerve was stimulated by a Block-Aid monitor at 4-sec. intervals and the resultant thumb adduction was recorded by a force displacement transducer on a Grass polygraph at a speed of 0·5 mm/sec. When the patient recovered from succinylcholine block and a steady twitch response was obtained, tubocurarine 10, 20, or 30 mg was injected intravenously to produce neuromuscular block. Neostigmine was then injected and its reversal effect following different doses of tubocurarine was compared. , ,I, ,,," ,\, 
RESULTS
1. In five patients, 10 mg tubocurarine produced neuromuscular block. The block could be readily reversed after five minutes by neostigmine 1 mg (Figure 1 ). 2. In a second group of five patients, 20 mg tubocurarine produced complete neuro-muscular block. However, after five minutes, neostigmine 2·5 mg produced only partial recovery. Reversal was only achieved when the dose of neostigmine was increased to 5 mg ( Figure 2 ). 3. In a third group of ten patients, 30 mg tubocurarine (about 0·5 mg/kg) produced complete neuromuscular block. After five minutes, neostigmine 2·5 mg was injected in five patients without any reversal effect. Repetition of the same dose of neostigmine was only associated with slow and inefficient reversal (Figure 3 ). On the other hand, in the other five patients, tubocurarine block could be reversed when neostigmine was injected after 30 minutes (Figure 4) . 
DISCUSSION
The present report shows that adequate reversal of the neuromuscular block of tubocurarine is only achieved against doses of tubocurarine that are not much higher than the blocking concentration. A blocking dose of tubocurarine could be reversed adequately with neostigmine. Doubling the dose of tubocurarine necessitated a much higher concentration of neostigmine for reversal, while a triple dose could not readily be reversed. Paton and Waud (1967) showed that in order to achieve a paralytic effect on the twitch response, it is necessary to have a minimum of 70 per cent of the calculated receptor sites occupied by curare. Complete paralysis was seen when about 90 per cent occupancy of the receptor sites was achieved. An overdose of tubocurarine will probably result in 100 per cent occupancy and in turn might prevent reversal.
The reversal effect of neostigmine is secondary to its antiacetylcholine-esterase activity. The accumulated acetylcholine does not reverse curare block by displacing the tubocurarine molecules from the receptors, but probably by its action on the free cholinergic receptors. This has been shown by Waser (1967) in the mouse diaphragm autoradiographs by the use of labelled curarine (14C-calabash curarine). The minimal lethal dose of radiocurarine was mixed with the reversal dose of neostigmine. Although neuromuscular transmission was restored, radioactivity in the endplates was not noticeably diminished by neostigmine when compared with the same dose of curarine alone.
The present report confirms the previous findings of Baraka (1967) , Katz (1971) and Miller (1976) that the reversal effect of neostigmine depends on both the concentration of tubocurarine and the degree of block at the time of reversal. Neostigmine can reverse adequately, and within a short interval, a blocking dose of tubocurarine. However, if the endplate receptors are occupied by an overdose of tubocurarine, reversal will be only achieved after enough time has elapsed to allow for lowering its concentration by redistribution and elimination (Kalow 1959) .
During balanced techniques of clinical anaesthesia, we usually initiate neuromuscular block by a relative overdose of muscle relaxants. The larger the initial dose, the higher will be the initial receptor occupancy and the longer will be the time required to reduce receptor occupancy below the critical paralytic threshold (Feldman 1973) . Reversal of neuromuscular block should be attempted only when such critical threshold is reached as evidenced by signs of recovery of neuromuscular transmission.
An overdose of relaxants at the time of reversal, whether absolute or relative, is probably the most important single factor which predisposes to the so called "neostigmineresistant" curarization (Hunter 1956 ).
